Using a large galaxy group catalogue constructed from the Sloan Digital Sky Survey Data Release 4 (SDSS DR4) with an adaptive halo-based group finder, we investigate the luminosity and stellar mass functions for different populations of galaxies (central versus satellite; red versus blue; and galaxies in groups of different masses) and for groups themselves. The conditional stellar mass function (CSMF), which describes the stellar distribution of galaxies in halos of a given mass for central and satellite galaxies can be well modeled with a log-normal distribution and a modified Schechter form, respectively. On average, there are about 3 times as many central galaxies as satellites. Among the satellite population, there are in general more red galaxies than blue ones. For the central population, the luminosity function is dominated by red galaxies at the massive end, and by blue galaxies at the low mass end. At the very low-mass end (M * 10 9 h −2 M ⊙ ), however, there is a marked increase in the number of red centrals. We speculate that these galaxies are located close to large halos so that their star formation is truncated by the large-scale environments. The stellar-mass function of galaxy groups is well described by a double power law, with a characteristic stellar mass at ∼ 4 × 10 10
INTRODUCTION
In recent years, great progress has been made in our understanding about how galaxies form and evolve in dark matter halos owing to the development of halo models and the related halo occupation models. The halo occupation distribution (hereafter HOD), P (N |M h ), which gives the probability of finding N galaxies (with some specified properties) in a halo of mass M h , has been extensively used to study the galaxy distribution in dark matter halos and galaxy clustering on large scales (e.g. Jing, Mo & Börner 1998; Peacock & Smith 2000; Seljak 2000; Scoccimarro et al. 2001; Jing, Börner & Suto 2002; Berlind & Weinberg 2002; Bullock, Wechsler & Somerville 2002; Scranton 2002; Zehavi et al. 2004 Zehavi et al. , 2005 Zheng et al. 2005; Tinker et al. 2005; Skibba et al. 2007; Brown et al. 2008) . The conditional luminosity function (hereafter CLF), Φ(L|M h )dL, which refines the HOD statistic by considering the average number of galaxies with luminosity L ± dL/2 that reside in a halo of mass M h , has also been investigated extensively Vale & Ostriker 2004 Cooray 2006; van den Bosch et al. 2007) and has been applied to various redshift surveys, such as the 2-degree Field Galaxy Redshift Survey (2dFGRS), the Sloan Digital Sky Survey (SDSS) and DEEP2 (e.g. Yan, Madgwick & White 2003; Yang et al. 2004; Mo et al. 2004; Wang et al. 2004 & Coil 2004 ). These investigations demonstrate that the HOD/CLF statistics are very powerful tools to establish and describe the connection between galaxies and dark matter halos, providing important constraints on various physical processes that govern the formation and evolution of galaxies, such as gravitational instability, gas cooling, star formation, merging, tidal stripping and heating, and a variety of feedback processes, and how their efficiencies scale with halo mass. Furthermore, they also indicate that the galaxy/dark halo connection can provide important constraints on cosmology (e.g.,van den Bosch, Zheng & Weinberg 2007) .
However, as pointed out in Yang et al. (2005c; hereafter Y05c) , a shortcoming of the HOD/CLF models is that the results are not completely model independent. Typically, assumptions have to be made regarding the functional form of either P (N |M h ) or Φ(L|M h ). Moreover, in all HOD/CLF studies to date, the occupation distributions have been determined in an indirect way: the free parameters of the assumed functional form are constrained using statistical data on the abundance and clustering properties of the galaxy population. An alternative method that can directly probe the galaxydark halo connection (e.g. HOD/CLF models) is to use galaxy groups as a representation of dark matter halos and to study how the galaxy population changes with the properties of the groups (e.g., Y05c; Zandivarez et al. 2006; Robotham et al. 2006; Hansen et al. 2007; ). For such a purpose, one has to properly find the galaxy groups that are closely connected to the dark matter halos. In recent studies, Yang et al. (2005a; developed an adaptive halo-based group finder that has such features 5 . This group finder has been applied to the 2dFGRS (Yang et al. 2005a) and to the SDSS (Weinmann et al. 2006a; Yang et al. 2007 ). Detailed tests with mock galaxy catalogues have shown that this group finder is very successful in associating galaxies according to their common dark matter halos. In particular, the group finder performs reliably not only for rich systems, but also for poor systems, including isolated central galaxies in low mass halos. This makes it possible to study the galaxy-halo connection for systems covering a large dynamic range in masses. With a welldefined galaxy group catalogue, one can then not only study the properties of galaxies in different groups (e.g. Y05c; Yang et al. 2005d; Collister & Lahav 2005; van den Bosch et al. 2005; Robotham et al. 2006; Zandivarez et al. 2006; Weinmann et al. 2006a,b; McIntosh et al. 2007; ), but also probe how dark matter halos trace the large-scale structure of the Universe (e.g. Yang et al. 2005b Yang et al. , 2006 Coil et al. 2006; Berlind et al. 2007; Wang et al. 2008a) . Recently, this group finder has been applied to the Sloan Digital Sky Survey Data Release 4 (SDSS DR4), and the group catalogues constructed are described in detail in Yang et al. (2007; Paper I hereafter) . In these catalogues various observational selection effects are taken into account, and each of the groups is assigned a reliable halo mass. The group catalogues including the membership of the groups are available at these links 6 7 . In Paper II hereafter) we have used these group catalogues to obtain various halo occupation statistics and to measure the CLFs for different populations of galaxies. In this paper, the third in the series, we will focus on the conditional stellar mass functions (CSMFs) for different populations of galaxies. In addition, we will also examine the general luminosity and stellar mass functions for different populations of galaxies and for groups themselves. Finally, we will demonstrate how to use the observed luminosity and stellar mass functions for central galaxies to constrain the HOD in small halos.
This paper is organized as follows: In Section 2 we describe the data (galaxy and group catalogues) used in this paper. Section 4 presents our measurement of the CSMFs for all, red and blue galaxies. Sections 3 and 5 present our measurement of the luminosity and stellar mass functions for galaxies and groups, respectively. In Section 6, we probe the properties of the central galaxies that can be formed in those small halos. Finally, we summarize our results in Section 7. Throughout this paper, we use a ΛCDM 'concordance' cosmology whose parameters are consistent with the three-year data release of the WMAP mission: Ω m = 0.238, Ω Λ = 0.762, n s = 0.951, h = 0.73 and σ 8 = 0.75 (Spergel et al. 2007 ). If not quoted, the units of luminosity, stellar and halo masses are in terms of h −2 L ⊙ , h −2 M ⊙ and h −1 M ⊙ , respectively. Finally, unless noted differently, the luminosity functions and stellar mass functions are presented in units of h 3 Mpc −3 d log L and h 3 Mpc −3 d log M * , respectively, where log is the 10 based logarithm.
less of their richness, including isolated galaxies (i.e., systems with a single member) and rich clusters of galaxies.
6 http://gax.shao.ac.cn/data/Group.html 7 http://www.astro.umass.edu/ ∼ xhyang/Group.html 2. DATA 2.1. Galaxy and group catalogues The data used in our analysis here are the same as those used in Paper II. Readers who have already read through Paper II may go directly to the next subsection.
The group catalogues are constructed from the New York University Value-Added Galaxy Catalogue (NYU-VAGC; Blanton et al. 2005b) , which is based on the SDSS Data Release 4 (Adelman- McCarthy et al. 2006) , but with an independent set of significantly improved reductions. From NYU-VAGC we select all galaxies in the Main Galaxy Sample with redshifts in the range 0.01 ≤ z ≤ 0.20 and with a redshift completeness C > 0.7. As described in Paper I, three group samples are constructed from the corresponding galaxy samples: Sample I, which only uses the 362356 galaxies with measured r-band magnitudes and redshifts from the SDSS, Sample II which also includes 7091 galaxies with SDSS r-band magnitudes but redshifts taken from alternative surveys, and Sample III which includes an additional 38672 galaxies that lack redshifts due to fiber collisions but that are assigned the redshifts of their nearest neighbors. Although this fiber collision correction works well in roughly 60 percent of all cases, the remaining 40 percent are assigned redshifts that can be very different from their true values (Zehavi et al. 2002) . Samples II and III should therefore be considered as two extremes as far as a treatment of fiber-collisions is concerned. Unless stated otherwise, our results are based on Sample II. For comparison, we also present some results obtained from Sample III.
The magnitudes and colors of all galaxies are based on the standard SDSS Petrosian technique (Petrosian 1976; Strauss et al. 2002) , have been corrected for galactic extinction (Schlegel, Finkbeiner & Davis 1998) , and have been K-corrected and evolution corrected to z = 0.1, using the method described in Blanton et al. (2003a; . We use the notation 0.1 M r − 5 log h to indicate the resulting absolute magnitude in the r-band. The galaxies are separated into red and blue subsamples according to their bi-normal distribution in the 0.1 (g−r) color (Baldry et al. 2004; Blanton et al. 2005a; Li et al. 2006) , using the separation criteria (see Paper II),
where x = 0.1 M r − 5 log h + 23.0. Stellar masses, indicated by M * , for all galaxies are computed using the relations between stellar mass-tolight ratio and 0.0 (g − r) color from Bell et al. (2003) ,
Here 0.0 (g − r) and 0.0 M r − 5 log h are the (g − r) color and r-band magnitude K + E corrected to z = 0.0; 4.64 is the r-band magnitude of the Sun in the AB system (Blanton & Roweis 2007) ; and the −0.10 term effectively implies that we adopt a Kroupa (2001) IMF (Borch et al. 2006) .
For each group in our catalogue we have two estimates of its dark matter halo mass M h : (1) M L , which is based on the ranking of the characteristic group lumi-nosity L 19.5 , and (2) M S , which is based on the ranking of the characteristic group stellar mass M stellar , respectively 8 . The halo mass is estimated for each group with at least one member galaxy that is brighter than 0.1 M r − 5 log h = −19.5. As shown in Paper I, these two halo masses agree reasonably well with each other, with scatter that decreases from ∼ 0.1 dex at the low-mass end to ∼ 0.05 dex at the massive end. Detailed tests using mock galaxy redshift surveys have demonstrated that the group masses thus estimated can recover the true halo masses with a 1-σ deviation of ∼ 0.3 dex, and are more reliable than those based on the velocity dispersion of group members (Y05c; Weinmann et al. 2006; Berlind et al. 2006; Paper I) . Note also that survey edge effects have been taken into account in our group catalogue: groups that suffer severely from edge effects (about 1.6% of the total) have been removed from the catalogue. In most cases, we take the most massive galaxy (in terms of stellar mass) in a group as the central galaxy (MCG) and all others as satellite galaxies. In addition, we also considered a case in which the brightest galaxy in the group is considered as the central galaxy (BCG). Tests have shown that for most of what follows, these two definitions yield indistinguishable results. Whenever the two definitions lead to significant differences, we present results for both. Throughout this paper, results are calculated for both samples II and III using both halo masses, M L and M S . Any significant differences in the results due to the use of different samples and mass estimates are discussed.
Finally, we caution that the SDSS pipeline may have underestimated the luminosities for bright galaxies (e.g. von der Linden et al. 2007; Guo et al. 2009 ). According to Guo et al. the NYU-VAGC magnitude is overestimated by about 0.5 ± 0.1 at apparent magnitudes r ∼ 13.0 and about 0.1 ± 0.1 at r ∼ 17.0. Although this will not change the halo masses estimated using the abundance match to halo mass function, the luminosity and stellar mass functions for galaxies and groups are shifted slightly at the bright ends if a correction is made to the SDSS luminosities.
Galaxy and group completeness limits
Because of the survey magnitude limit, only bright galaxies can be observed. This consequently will induce incompleteness in the distribution of galaxies with respect to absolute magnitude and stellar mass, and in the distribution of groups with halo mass. In this subsection, we discuss such completeness and how to make corrections.
As discussed in detail in the Appendix of van den , the apparent magnitude limit of the galaxy sample (m r = 17.77) can be translated into a redshiftdependent absolute magnitude limit given by 0.1 M r,lim − 5 log h = 17.77 − DM(z) − k 0.1 (z) + 1.62(z − 0.1) .
where k 0.1 (z) is the K-correction to z = 0.1, the 1.62(z − 0.1) term is the evolution correction of Blanton et al. (2003b) , and is the distance module corresponding to redshift z, with D L (z) the luminosity distance in h −1 Mpc. Using the K-corrections of Blanton et al. (2003a; see also Blanton & Roweis 2007) , the redshift-dependence is reasonably well described by k 0.1 (z) = 2.5 log z + 0.9 1.1 .
At z = 0.1, where (by definition) k 0.1 = −2.5 log(1.1) ≃ −0.1 for all galaxies (e.g., Blanton & Roweis 2007) , this exactly gives the absolute magnitude limit of the sample. At lower and higher redshifts, however, a small fraction of the sample galaxies fall below this limit. This owes to the fact that k 0.1 (z) not only depends on redshift but also on color. In order to ensure completeness, we use a conservative absolute-magnitude limit:
where the term 0.1 takes into account the scatter in the K correction. For the stellar masses of the SDSS galaxies, we adopt, for given redshift z, the following completeness limit:
(see van den Bosch et al. 2008) Next we consider incompleteness in the actual group catalogue. As illustrated in Fig. 6 of Yang et al. (2007) , the groups within a certain luminosity L 19.5 or stellar mass M stellar bin (which corresponds to a certain halo mass bin) are complete only to a certain redshift. Beyond this redshift the number density of the groups drops dramatically. We therefore need to take this completeness into account. Here we proceed as follows to obtain the halo-mass completeness limit at any given redshift. First, for a given halo mass M h , we measure the number densities of groups with halo mass within log M h ± 0.05, n(0.01, z max ) and n(z max − ∆z, z max ), within the redshift ranges, [0.01, z max ] and [z max − ∆z, z max ], respectively. Here we set ∆z = 0.005. If the group sample is not complete at redshift z max , then the group number density n(z max − ∆z, z max ) is expected to drop significantly. Starting from z max = 0.2, we iteratively decrease z max according to z max = z max − ∆z, and find the largest redshift z max that satisfies, n(z max − ∆z, z max ) + 3σ n ≥ n(0.01, z max ) ,
where σ n is the variance in the number density of groups within [z max − ∆z, z max ] among 200 bootstrap samples. The z max thus obtained is the one at which the halos are complete down to the corresponding halo mass M h . For the group samples used in this paper, Samples II and III, and for the two sets of halo masses estimated for our groups, M L and M S , we obtain the value of z max as a function of halo mass. The results are shown in Fig. 1 . From this plot, we obtain a conservative halo-mass limit, log M h,lim = (z − 0.085)/0.069 + 12 ,
which is shown as the solid line in Fig. 1 . Clearly, this criterion works for both Samples II and III, as well as for both M L and M S . Thus, for a given redshift z, groups with masses ≥ M h,lim are complete.
THE GALAXY LUMINOSITY AND STELLAR
MASS FUNCTIONS: CENTRAL VS SATELLITE In this section we estimate the luminosity and stellar mass functions for different populations of galaxies. Both functions have been extensively investigated in the literature for galaxies of different colors and morphological types (e.g., Lin et al. 1996; Norberg et al. 2002; Madgwick et al. 2002; Blanton et al. 2003b; Bell et al. 2003; Fontana et al. 2006) . Note that in a very recent paper, based on the group catalogue constructed from the 2 degree Field Galaxy Redshift Survey (2dFGRS; Colless et al., 2001) by Tago et al. (2006) , Tempel et al. (2008) measured luminosity functions for various contents of galaxies (e.g., central, second ranked, satellite, isolated) in groups, as well as for groups. Here we focus on the difference between central and satellite galaxies. We use direct counting to estimate the luminosity function. For each galaxy at a given redshift we calculate its absolute magnitude limit according to Eq. (6). If the absolute magnitude of the galaxy is fainter than this limit, it is removed from the counting list. If the galaxy is not removed, we first calculate the maximum redshift at which the galaxy (with its absolute magnitude) can be observed. We then calculate the comoving volume, V com , between this maximum redshift and a minimum redshift z = 0.01. In the counting, the galaxy is assigned a weight,
where C is the redshift completeness factor in the NYU-VAGC. We calculate the luminosity functions for all, red, and blue galaxies, respectively. The corresponding results are shown in the upper-left panel of Fig. 2 , where open circles, squares and triangles are the results for all, red and blue galaxies, respectively. For clarity the results for red and blue galaxies are shifted downwards by a factor of 10. By comparing the LFs for red and blue galaxies, one sees that there are more (fewer) red galaxies than blue ones at luminosities log L 9.8 (log L 9.8). For very faint galaxies with log L 9.0, the red population increase dramatically, exceeding that of blue galaxies at log L ∼ 8.0 . We can further separate the galaxies into centrals and satellites according to their memberships in the groups. The corresponding luminosity functions for all, red and blue galaxies are shown in the middle-left and lower-left panels of Fig. 2 , respectively. The color dependence of the luminosity function for the centrals resembles that of the overall population. However, for the satellite population, the color dependence is somewhat different, especially around L = 10 9 h −2 L ⊙ , where the luminosity function is not suppressed relative to that of blue satellites, as is the case for the centrals. One interesting feature in the luminosity function of red central galaxies is that there are many very faint red central galaxies (slightly more than the blue ones) with luminosity log L ∼ 8.0. Such a population is not expected in the standard galaxy formation models, where very small halos are expected to host only blue centrals. However, Wang, Mo & Jing (2007) found that the large-scale tidal field may effectively truncate the mass accretion into small halos. If gas accretion is also truncated in this process, the central galaxies in these small halos are expected to be red. More recently, Ludlow et al. (2008) found that some sub-halos that have at some time been within the virial radius of their main progenitors can be ejected, so that some low-mass halos at z = 0 outside/near the larger virialized halos may have experienced tidal and ram-pressure stripping, so that they have stopped forming stars. In both scenarios, a population of faint red galaxies is expected to be present in the vicinity of high density regions but outside large, virialized halos. This population may be responsible for the upturn of the luminosity function of red central galaxies at the faint end. In a separate paper (Wang et al. 2008b ), we will discuss the properties and spatial clustering of the faint red population in more detail, and check the contamination due to false groups near massive ones using mock galaxy and group catalogs.
We also measure the stellar mass functions separately for all, red, blue, central and satellite galaxies, taking into account the stellar mass completeness limit described by Eq.(7). Only galaxies with stellar masses above the completeness limit are used in the estimate. In the right panels of Fig. 2 , we show the stellar mass functions using the same symbols as in the left panels. The general behaviors of the stellar mass functions are very similar to the corresponding luminosity functions. For reference, we list the luminosity functions in Table 1 , and the stellar mass functions in Table 2 .
We use the following Schechter function to fit the luminosity function:
For the stellar mass function luminosity functions, we use a similar model:
For each model, there are three free parameters, the amplitude φ ⋆ , the faint end slope α and the characteristic 0.0059 ± 0.0005 0.0046 ± 0.0003 0.0013 ± 0.0004 0.0001 ± 0.0001 0.0000 ± 0.0000 0.0000 ± 0.0001 11.0 0.0013 ± 0.0002 0.0011 ± 0.0002 0.0002 ± 0.0001 0.0013 ± 0.0002 0.0011 ± 0.0002 0.0002 ± 0.0001 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000
Note.
-Column (1): the median of the logarithm of the galaxy luminosity with bin width ∆ log L = 0.05. Columns (2 -4): the luminosity functions of all, red and blue galaxies for 'ALL' group members. Columns (5 -7): the luminosity functions for all, red and blue galaxies for 'CENTRAL' group members. Columns (8 -10): the luminosity functions of all, red and blue galaxies for 'SATELLITE' group members, respectively. Note that all the galaxy luminosity functions listed in this table are in units of 10 −2 h 3 Mpc −3 d log L, where log is the 10 based logarithm. 0.0131 ± 0.0004 0.0122 ± 0.0005 0.0010 ± 0.0002 0.0127 ± 0.0005 0.0117 ± 0.0005 0.0009 ± 0.0002 0.0004 ± 0.0001 0.0004 ± 0.0001 0.0000 ± 0.0000 11.5 0.0047 ± 0.0003 0.0044 ± 0.0003 0.0003 ± 0.0001 0.0047 ± 0.0003 0.0044 ± 0.0003 0.0003 ± 0.0001 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 11.6 0.0012 ± 0.0001 0.0011 ± 0.0001 0.0001 ± 0.0000 0.0012 ± 0.0001 0.0011 ± 0.0001 0.0001 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000
-Column (1): the median of the logarithm of the galaxy stellar mass with bin width ∆ log M * = 0.05. Column (2 -4): the stellar mass functions of all, red and blue for 'ALL' group members. Column (5 -7): the stellar mass functions of all, red and blue for 'CENTRAL' group members. Column (8 -10): the stellar mass functions of all, red and blue for 'SATELLITE' group members. Note that all the galaxy stellar mass functions listed in this table are in units of 10 −2 h 3 Mpc −3 d log M * , where log is the 10 based logarithm. 
, which are listed in Table 3 . The best fit results are shown as the solid lines in Fig. 2 .
Comparing the data with the best fit, one sees that the Schechter form describes the data remarkably well over the luminosity range log L 9.0. At the fainter end, however, the data reveals an upturn, which is almost entirely due to the red centrals. The stellar mass functions also show a steepening at the low mass end, which again owes mainly to the population of red centrals.
The galaxy luminosity and stellar mass functions have been estimated before by various authors. As an illustration, we show the best fit of the luminosity function obtained by Blanton et al. (2003b) Stoughton et al. 2002) . The agreement with our measurement is remarkably good for log M * 9.5. For lower masses, however, the mass function obtained by Bell et al. (2003) is significantly higher. The discrepancy most likely results from the different data samples (DR4 vs. EDR) used in the two analyses. For low-mass galaxies, the cosmic variance is significant, especially in EDR because only a few hundred galaxies in a small volume were used to measure the stellar mass function. In addition, we have taken into account the redshift completeness of galaxies using the completeness masks provided by the NYU team, and the stellar mass limit is treated more carefully in our analysis using Eq. 7. The behavior of the stellar mass function in the low-mass end has also been investigated by Baldry et al. (2004 Baldry et al. ( , 2008 and Panter et al. (2007) . Unfortunately, the situation is still unclear, partly because of the limited sample volume, and partly because of the uncertainties in the luminosity-mass conversion.
To see where galaxies of different luminosities and 
TABLE 3
The best fit parameters for the galaxy luminosity functions and stellar mass functions Note.
-Column (1): the member type. Column (2): the color of galaxies. Column (3-5): the best fit parameters for the luminosity functions (upper part) and stellar mass functions (lower part). Note that φ ⋆ listed in column 3 are presented in terms of
, where log is the 10 based logarithm.
stellar masses are hosted, we plot in Fig. 3 the host halo mass distribution for central (red lines) and satellite (blue lines) galaxies. Results are shown for galaxies in different luminosity (upper panels) and stellar mass (lower panels) bins, as indicated 9 . Almost all bright (or massive) galaxies are centrals in massive halos. About 9 Note that in the group catalog, halo masses are provided only 3/4 of faint (low-mass) galaxies are centrals in small halos with a very narrow mass distribution, and the rest 1/4 are satellites in halos that cover a wide range in mass. The results are shown separately for halo masses, M L and M S . Although the results for satellite galaxies and the mean halo mass for central galaxies are similar for the two halo mass estimates, the widths of the halo mass distribution for central galaxies are quite different. This is caused by the fact that these is some spurious correlation between L 19.5 (M stellar ) and the luminosity (stellar mass) of the central galaxy, especially for low-mass halos where the luminosity (stellar) content is dominated by the central galaxy. We have measured the halo mass distribution from both samples II and III, and we do not find any significant difference between the results. Therefore only the results for sample II are plotted in Fig.3 . The general behavior of the halo mass distribution of the central and satellite galaxies is consistent with that predicted by the CLF and HOD models (e.g. Yang et al. 2003; Zheng et al. 2005 ).
THE CONDITIONAL STELLAR MASS
FUNCTION In paper II, we have measured the conditional luminosity function (CLF) of galaxies in halos (as represented by galaxy groups), Φ(L|M h ). Here we first obtain the conditional stellar mass function (CSMF) of galaxies in dark halos. The CSMF, Φ(M * |M h ), which describes the average number of galaxies as a function of galaxy stellar mass in a dark matter halo of a given mass, is more straightforwardly related to theoretical predictions of galaxy formation models than the CLF, because the conversion from stellar mass to luminosity in theoretical models requires detailed modeling of the stellar population and dust extinction. The CSMF can be estimated for groups whose central galaxies are brighter than 0.1 Mr−5 log h = −19.5. For groups with a fainter central galaxy we use the mean mass-to-light (Eq.19) and halo-to-stellar mass (Eq.20) ratios obtained in Section 6 to estimate their halo masses. by directly counting the number of galaxies in groups. However, because of the completeness limits discussed in Section 2.2, we only use galaxies and groups that are complete according to Eqs. (7) and (9) to estimate the CSMF, Φ(M * |M h ), at a given M * . In Fig. 4 we show the resulting CSMFs for groups of different masses. The contributions of central and satellite galaxies are plotted separately. For comparison, results obtained using M S and M L are shown as symbols and dashed lines, respectively. The error-bars shown in each panel correspond to 1-σ scatter obtained from 200 bootstrap samples of our group catalogue. In general, these two halo masses give consistent results, except that the M S -based CSMF of the central galaxies in low mass halos is more peaked than the M L -based CSMF (see the lower right-hand panel). The general behavior of the CSMF is similar to that of the CLF presented in Paper II. The general behavior of the CSMF obtained here is also qualitatively similar to the prediction of semi-analytical models (e.g. Zheng et al. 2005) : the CSMF for small halos has a strong peak at the bright end due to central galaxies. Quantitatively, however, semi-analytical models in general over-predict the number of satellite galaxies (Liu et al. in preparation).
In Fig. 5 we show the CSMFs separately for red (dashed lines with errorbars) and blue (dotted lines) galaxies. Clearly there are more red galaxies than blue galaxies (both centrals and satellites) in massive halos. In the lowest mass bin probed here (12.0 < log M h ≤ 12.3), however, there are roughly equal numbers of red and blue galaxies. The fraction of red galaxies as a function of halo mass found here is very similar to that obtained by Zandivarez et al. (2006) based on the conditional luminosity function of galaxies derived from an in- dependent group catalog. Note that the overall shapes of the CSMFs for red and blue galaxies are remarkably similar. Interestingly, such behavior is predicted by Skibba et al. (2008) who used the color-marked correlation function to constrain the distribution of galaxies according to their colors.
We model the CSMF using the sum of the CSMFs of central and satellite galaxies (see Yang et al. 2003; Cooray 2005; White et al. 2007; Cacciato et al. 2008) :
Following Paper II, we adopt a lognormal model for the CSMF of central galaxies:
where A is the number of central galaxies per halo. Thus, A ≡ 1 for all galaxies, A = f red (M h ) for red galaxies, and A = 1 − f red (M h ) for blue galaxies. Here f red (M h ) is the red fraction of central galaxies in halos of mass M h . Note that log M * ,c is, by definition, the expectation value for the (10-based) logarithm of the stellar mass of the central galaxy: (15) and that σ c = σ(log M * ). For the contribution from the satellite galaxies we adopt a modified Schechter function:
Note that this function decreases faster at the bright end than a Schechter function and gives a better description of the data. The above parameterization has a total of five free parameters: M * ,c , σ c , φ * s , α * s and M * ,s . We find that log M * ,c = log M * ,s + 0.25 to good approximation, which is what we adopt throughout. Consequently, In the third row of panels, however, the error-bars correspond to the log-normal scatter, σc, shown in the bottom row of panels. For clarity the error-bars are only shown for the 'M S -sample II' case, but they are very similar for the other four cases.
the number of free parameters is reduced to four. Note, however, Hansen et al. (2007) found that the ratio between the mean stellar mass (luminosity) of the central galaxy and the characteristic stellar mass (luminosity) of the satellite galaxies depends on halo mass especially for massive halos. The difference may arise from the fact that they are using galaxy groups constructed from the SDSS photometric redshift catalogue where the memberships of the groups are not so well constrained.
We fit the above model to all our CSMFs. Results are shown in Fig 6, separately for all (left panels), red (middle panels) and blue (right panels) galaxies. Here comparison is made between samples II and III. Note that Sample II does not include any galaxies missed due to fiber collisions, while Sample III includes all such galaxies by assigning each of them the redshift of its nearest neighbor. Given that we also have two kinds of halo masses, M L and M S , there are a total of four different combinations for which we have determined the CSMFs.
Each panel of Fig 6 shows the results for all four cases. As an illustration of how well the model fits the data, the solid lines in Figs. 4 and 5 show the corresponding best-fit models.
The upper row of Fig. 6 shows the best fit normalization of the CSMF for satellite galaxies, which describes the average number of satellite galaxies with stellar mass ∼ M * ,s in a group of a given halo mass. As expected, Sample III gives a higher φ * s , especially for low-mass groups, but only marginally so. Comparing φ * s for red (upper middle panel) and blue (upper right panel) galaxies, one sees that the fraction of red satellites increases with halo mass. The second row shows the faint end slopes of the CSMFs, α * s . In massive halos with M h 10 13 h −1 M ⊙ , α * s decreases (i.e., becomes more negative) with increasing halo mass, both for red and blue galaxies. In halos with M h 10 13 h −1 M ⊙ , however, α * s is roughly constant at ∼ −1.2. The third row shows that log M * ,c increases with halo mass, for both red and blue centrals. Note that for a given value of log M * ,c , the halo mass for blue galaxies based on M L is larger than that based on M S , especially in small halos. The reason is that for a given stellar mass, bluer galaxies are brighter, Note.
-Column (1): galaxy type. Column (2): halo mass range. Column (3): average of the logarithm of the halo mass. Column (4)- (7): average of the best fit free parameters to the four measurements of the CSMFs, as shown in Fig. 6 . The errors indicate the scatter among these four measurements or the scatter obtained from the 200 bootstrap samples, whichever is larger.
hence M L is higher. This effect can impact (e.g. slightly enhance) our results on the color dependence of group clustering (e.g., Berlind et al. 2006; Wang et al. 2008a ). These best fit parameters for satellite galaxies of different colors are different from that obtained from the CLF measurements (e.g. Zandivarez et al. 2006; Hansen et al. 2007; . In particular the low-mass end slope, α * s , obtained here for red satellite galaxies in small halos is significantly steeper. The only significant difference between red and blue galaxies is in φ * s , consistent with the results of Skibba (2008) . Finally, the last row of Fig 6 shows the width of the log-normal CSMF of central galaxies. For the combined sample of red and blue galaxies we find an average value of σ c = σ(log M * ,c ) ∼ 0.17 in halos with M h 10 13 h −1 M ⊙ . This width is slightly larger than that in the luminosity distribution obtained in Paper II. A roughly constant dispersion in the lognormal distribution of luminosity (or stellar mass) for central galaxies has already been predicted by Yang et al. (2003) , Cooray (2006) and Cacciato et al. (2008) from the clustering and abundances of galaxies. Although found, based on a HOD model applied to the SDSS and DEEP2, that the log-normal width increases from ∼ 0.13 for massive halos with M h ∼ 10 13.5 h −1 M ⊙ to ∼ 0.3 for low mass halos with M h ∼ 10 11.5 h −1 M ⊙ , the difference between their results and ours is only at 1-σ level. Again, since our halo masses are based on the ranking of either L 19.5 or M stellar , we have effectively assumed a one-to-one relation between halo mass and these mass indicators. This can give rise to spurious correlation between L 19.5 (or M stellar ) with the stellar mass of the central galaxies, especially for low-mass halos where the stellar content is dominated by the central galaxy. Therefore the values of σ c obtained, especially for halos with M h 10 13 h −1 M ⊙ , may be underestimated and should be considered as lower limits.
For reference, Table 4 lists the average values of the CSMF fitting parameters obtained from the combinations of Samples II and III and group masses M L and M S . The error-bars indicate the scatter among these four samples or the scatter obtained from 200 bootstrap samples, whichever is larger (generally the former).
THE GROUP LUMINOSITY AND
STELLAR-MASS FUNCTIONS In this section, we present our results on the group luminosity and stellar-mass functions. These two functions depend the total luminosity and stellar mass in galaxy groups, and are arguably better suited for comparison with model predictions, as the details about how the total luminosity and total stellar mass are partitioned into individual member galaxies is not important here. We measure the group luminosity and stellar-mass functions for both samples II and III. As mentioned above, these two samples represent two extremes, as far as fibercollision effects are concerned. The results presented in the following are based on the average of samples II and III (evenly weighted), and the error-bars are obtained from the difference between the two samples, or from 200 bootstrap samples for samples II and III, whichever (typically the difference between the two samples) is larger.
As discussed in Section 2.2, the group catalogue suffers from incompleteness, in that groups within certain luminosity (L 19.5 ), stellar mass (M stellar ) and halo mass bins are only complete to certain redshifts. Using the same procedure as described in Section 2.2, we estimate, for each group luminosity L 19.5 (or stellar mass M stellar ), the maximum redshift, z max , that satisfies Eq. (8). The resulting n(z max ) as a function of group luminosity L 19.5 or stellar mass M stellar gives, the group luminosity function Φ(L 19.5 ) or the group stellar mass function Φ(M stellar ), respectively. The results are shown as the solid histograms in the upper panels of Fig. 7 .
Note that the group characteristic luminosity L 19.5 and stellar mass M stellar are defined to be the total luminosity and stellar mass of member galaxies with 0.1 M r − 5 log h ≤ −19.5. There are certainly groups in which all member galaxies have 0.1 M r − 5 log h > −19.5, so that L 19.5 = 0 and M stellar = 0. For these groups we measure their total luminosity L total and total stellar mass M total based on all member galaxies that are observed. We measure the luminosity function Φ(L total ) and stellar mass function Φ(M total ) for these groups using the same method as for Φ (L 19.5 ) and Φ(M stellar ), i.e., by measuring the n(z max ). The results are shown in the upper panels of Fig 7 as the dotted histograms. For comparison, we also show as the dashed lines the galaxy luminosity function (stellar mass function) for 
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2.9337 ± 0.1897 0.0000 ± 0.0000 0.0000 ± 0.0000 2.5771 ± 0.1779 0.0000 ± 0.0000 0.0000 ± 0.0000 8.8
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2.5868 ± 0.1677 0.0000 ± 0.0000 0.0000 ± 0.0000 2.2786 ± 0.1022 0.0000 ± 0.0000 0.0000 ± 0.0000 9.0 2.4589 ± 0.2062 0.0000 ± 0.0000 0.0000 ± 0.0000 2.0151 ± 0.0913 0.0000 ± 0.0000 0.0000 ± 0.0003 9.1 2.2798 ± 0.1883 0.0000 ± 0.0000 0.0000 ± 0.0000 1.9811 ± 0.1045 0.0000 ± 0.0000 0.0060 ± 0.0020 9.2 2.1088 ± 0.1361 0.0000 ± 0.0000 0.0000 ± 0.0030 1.9434 ± 0.1014 0.0000 ± 0.0000 0.0613 ± 0.0065 9.3
1.8898 ± 0.0820 0.0000 ± 0.0000 0.1574 ± 0.0163 1.7766 ± 0.1248 0.0000 ± 0.0000 0.2513 ± 0.0117 9.4
1.7805 ± 0.1027 0.0000 ± 0.0000 1.5209 ± 0.0291 1.5740 ± 0.1087 0.0000 ± 0.0004 0.5356 ± 0.0192 9.5
1.6742 ± 0.0629 0.0000 ± 0.0000 1.6765 ± 0.0450 1.3785 ± 0.0983 0.0015 ± 0.0028 0.8491 ± 0.0229 9.6
1.6838 ± 0.2660 0.0000 ± 0.1849 1.5925 ± 0.0407 1.2934 ± 0.0800 0.0107 ± 0.0160 0.8836 ± 0.0238 9.7
1.2575 ± 0.2790 0.4140 ± 0.2468 1.4683 ± 0.0367 1.2237 ± 0.0737 0.0610 ± 0.0349 1.0167 ± 0.0220 9. 0.0000 ± 0.0000 0.0400 ± 0.0008 0.0488 ± 0.0078 0.0000 ± 0.0000 0.2816 ± 0.0307 0.2774 ± 0.0203 11.0 0.0000 ± 0.0000 0.0249 ± 0.0011 0.0363 ± 0.0062 0.0000 ± 0.0000 0.1918 ± 0.0183 0.2025 ± 0.0127 11.1 0.0000 ± 0.0000 0.0167 ± 0.0015 0.0215 ± 0.0048 0.0000 ± 0.0000 0.1295 ± 0.0106 0.1460 ± 0.0079 11.2 0.0000 ± 0.0000 0.0112 ± 0.0014 0.0202 ± 0.0033 0.0000 ± 0.0000 0.0817 ± 0.0048 0.0751 ± 0.0079 11.3 0.0000 ± 0.0000 0.0074 ± 0.0011 0.0113 ± 0.0033 0.0000 ± 0.0000 0.0566 ± 0.0019 0.0568 ± 0.0066 11.4 0.0000 ± 0.0000 0.0050 ± 0.0007 0.0084 ± 0.0028 0.0000 ± 0.0000 0.0358 ± 0.0016 0.0404 ± 0.0067 11.5 0.0000 ± 0.0000 0.0035 ± 0.0006 0.0064 ± 0.0018 0.0000 ± 0.0000 0.0253 ± 0.0007 0.0263 ± 0.0044 11.6 0.0000 ± 0.0000 0.0021 ± 0.0004 0.0040 ± 0.0014 0.0000 ± 0.0000 0.0166 ± 0.0009 0.0218 ± 0.0046 11.7 0.0000 ± 0.0000 0.0014 ± 0.0003 0.0043 ± 0.0012 0.0000 ± 0.0000 0.0115 ± 0.0008 0.0158 ± 0.0032 11.8 0.0000 ± 0.0000 0.0008 ± 0.0003 0.0022 ± 0.0010 0.0000 ± 0.0000 0.0076 ± 0.0010 0.0071 ± 0.0030 11.9 0.0000 ± 0.0000 0.0006 ± 0.0002 0.0025 ± 0.0010 0.0000 ± 0.0000 0.0052 ± 0.0005 0.0083 ± 0.0022 12.0 0.0000 ± 0.0000 0.0004 ± 0.0001 0.0012 ± 0.0009 0.0000 ± 0.0000 0.0036 ± 0.0005 0.0050 ± 0.0018 12.1 0.0000 ± 0.0000 0.0003 ± 0.0000 0.0006 ± 0.0007 0.0000 ± 0.0000 0.0023 ± 0.0003 0.0041 ± 0.0014 12.2 0.0000 ± 0.0000 0.0002 ± 0.0000 0.0007 ± 0.0004 0.0000 ± 0.0000 0.0014 ± 0.0003 0.0026 ± 0.0011 12.3 0.0000 ± 0.0000 0.0001 ± 0.0000 0.0000 ± 0.0003 0.0000 ± 0.0000 0.0008 ± 0.0002 0.0035 ± 0.0012 12.4 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0002 ± 0.0001 0.0000 ± 0.0000 0.0006 ± 0.0002 0.0015 ± 0.0010 12.5 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0001 0.0000 ± 0.0000 0.0004 ± 0.0001 0.0002 ± 0.0008 12.6 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0002 ± 0.0001 0.0010 ± 0.0006 12.7 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0000 ± 0.0000 0.0002 ± 0.0000 0.0003 ± 0.0006
-Column (1): the median of the logarithm of the group luminosity or stellar mass with bin width ∆ log L = 0.05 (or ∆ log M * = 0.05 ). Column (2): the average group luminosity function for L total , where L total is the total luminosity of all group members in which the central galaxy has luminosity 0.1 Mr − 5 log h > −19.5. Column (3): the average group luminosity function for L19.5, where L19.5 is the luminosity of all group members with 0.1 Mr − 5 log h ≤ −19.5. Column (4) the average group luminosity function for L18.5, where L18.5 is the total luminosity of all group members with 0.1 Mr − 5 log h ≤ −18.5. Columns (5)- (7): Similar to Columns (2)-(4) but for the average stellar mass functions. In this table, the averages are obtained from the two measurements of the luminosity functions or stellar mass functions from samples II and III, respectively. The error indicates the scatter among these two measurements or the scatter obtained from 200 bootstrap samples, whichever is larger. Note that all the group luminosity (stellar mass) functions listed in this table are calculated in units of 10
central galaxies that we obtained in Section 3. The agreement between the group luminosity function Φ(L total ) (stellar mass function Φ(M total )) and the central galaxy luminosity function (stellar mass function) at the faint (low-mass) end is excellent. This simply reflects that the total luminosity L total and total stellar mass M total of small groups are dominated by their central galaxies (e.g. Lin & Mohr 2004; Hansen et al. 2007; Yang et al. 2008b) , and implies that missing faint satellites in low mass groups has no significant impact on our estimates of the group luminosity and stellar-mass functions, unless there is a sharp upturn in the conditional luminosity (or stellar mass) function of satellite galaxies, as indicated in some observations (e.g. Popesso et al. 2006) . Thus the overall group luminosity function (stellar mass function) from small to large groups can be obtained by sum up Φ (L 19.5 ) and Φ(L total ), (Φ(M stellar ) and Φ(M total )). The results are shown as the open circles in the upper panels.
As a further test of the reliability of our results at the low-luminosity and low-mass end, we use another characteristic group luminosity L 18.5 and another characteristic stellar mass M 18.5 to represent the luminosity and stellar mass of groups. Here L 18.5 (M 18.5 ) is defined to be the total luminosity (stellar mass) of all group members with 0.1 M r − 5 log h ≤ −18.5. Because of the survey apparent magnitude limit, a galaxy fainter than 0.1 M r − 5 log h = −18.5 is not observed if its redshift is larger than ∼ 0.06. To avoid such incompleteness, L 18.5 and M 18.5 are only measured for groups with redshift z ≤ 0.06. Our method to estimate Φ(L 18.5 ) and Φ (M 18.5 ) is the same as that used for Φ (L 19.5 ) and Φ(M stellar ), except that z max starts from 0.06 instead of z = 0.2. The results for Φ(L 18.5 ) and Φ (M 18.5 ) are shown in the lower two panels of Fig. 7 as the solid histograms. For comparison, we also show L 19.5 and M stellar in the corresponding panels as open circles. Clearly, there is a good agreement between Φ(L 18.5 ) and Φ(L 19.5 ), and between Φ(M 18.5 ) and Φ(M stellar ) for small groups, suggesting again that our results for low-mass groups are reliable. For massive groups, there is some difference between the two estimates. Unfortunately, the number of such groups is quite small in the volume corresponding to z = 0.06, and the results for Φ(L 18.5 ) and Φ(M 18.5 ) are quite uncertain at the massive end. For reference, the data for the group luminosity functions and stellar mass functions shown in Fig. 7 are listed in Table 5 .
Since both the luminosity function and stellar mass function for groups show double power-law behavior, we use the following forms to fit the data:
and
The best fit results are shown in the lower two panels of Fig 0.00731, 10.67, 0.7243, -0.2229, 0.3874 ] , for the luminosity and stellar-mass functions, respectively. Note that all the group luminosity functions and stellar mass functions are calculated in terms of
, where log is the 10 based logarithm. It is interesting to compare the group luminosity and stellar-mass functions with the halo mass function predicted by the current CDM model of structure formation. In the lower-left panel of Fig 7, we plot, as the dot-dashed line, the halo mass function which is scaled with a (minimum) constant mass-to-light ratio, M h /L 19.5 = 47h M ⊙ / L ⊙ , so that the halo mass function touches the group luminosity function at log L 19.5 ∼ 10.2. Here the halo mass function is estimated using the Warren et al. (2006) model and adopting the ΛCDM 'concordance' cosmology with parameters listed at the end of Section 1. Clearly, the scaled halo mass function has a very different shape from the observed group luminosity function, indicating that the mass-to-light ratio must depend strongly on halo mass. The mass-tolight ratio reaches its minimum in groups (halos) with log L 19.5 ∼ 10.2, and is larger for both smaller and bigger halos. In the lower-right panel of Fig. 7 we compare the group stellar mass function (open circles) with the halo mass function scaled with a constant halo-tostellar mass ratio (dot-dashed line), M h /M stellar = 25h. Here the halo-to-stellar mass ratio reaches its minimum in groups (halos) with log M stellar ∼ 10.6, corresponding to halos with masses M h ∼ 11.9 (almost exactly the same halo mass that the group mass-to-light ratio reaches its minimum), suggesting that star formation efficiency is the highest in such halos. These results are in excellent agreement with those obtained from the clustering properties of galaxies using the CLF and HOD formalism Tinker et al 2005; van den Bosch et al. 2007; Cacciato et al. 2008) , and at the relative massive end with those obtained from weak lensing observations (e.g. Sheldon et al. 2007 ).
6. THE CENTRAL GALAXIES IN SMALL HALOS In this section we discuss the implication of the observed faint end slope of the central galaxy luminosity and stellar mass functions for the relationship between galaxies and dark matter halos. In Yang et al. (2005b) and Paper II, we have measured the CLFs for relatively massive halos with M h 10 12 h −1 M ⊙ directly from group samples. Unfortunately, galaxies in less massive halos are not well studied, partly because the halo masses for small groups are difficult to estimate. Here, with the help of the L c − M h (M * ,c − M h ) relations that we obtained for relatively massive halos and using the luminosity functions and stellar mass functions for central galaxies, we can probe the halo properties of low-mass central galaxies in a statistical way. As discussed in Sections 4 and 5, a small halo is usually dominated by a single central galaxy. The L c − M h and M * ,c − M h relations for groups with masses down to ∼ 10 11.8 h −1 M ⊙ can be obtained directly from the group catalogue, and are shown as open circles with error-bars in the upper panels of Fig. 8 . For these relatively massive groups, we can also estimate σ(log L c ) and σ(log M * ,c ) as functions of halo mass. These are shown in the middle panels of Fig. 8 as the open circles with error-bars. Finally, the luminosity and stellar mass functions for central galaxies, which have been obtained in Section 3, are repeated in the lower panels of Fig. 8 as open circles with error-bars.
Following paper II, we model the mean L c − M h and M * ,c − M h relations using the following functional forms:
where M 1 is a characteristic halo mass so that
Note that the parameters M 1 , α and β may have different values in the two relations. Clearly, for bright (massive) central galaxies, these relations are well constrained by the data points shown in the upper panels of Fig. 8 . Unfortunately, no such direct constraints are available for the faint (low-mass) centrals. However, an indirect constraint comes from the observed luminosity and stellar mass functions of central galaxies. In general, we can write 
where n(M ) is the mass function of dark matter halos, and Φ cen (L|M h ) and Φ cen (M * |M h ) are the CLF and CSMF of central galaxies, respectively. If we model both Φ cen (L|M h ) and Φ cen (M * |M h ) with a lognormal form, they are completely determined by the mean relations, (19) and (20) and the corresponding dispersions, σ(log L c ) and σ(log M * ,c ). As a simple model we first assume these dispersions to be constant: σ(log L c ) = σ 0 and σ(log M * ,c ) = σ 0 (again σ 0 may have different values in the two cases). Thus, for each case, we have five free parameters, L 0 (or M 0 ), M 1 , α, β and σ 0 . Using the halo mass function predicted by the ΛCDM 'concordance' cosmology, we fit the models described above to the observational data shown in Fig. 8 . The fitting is performed with a standard least χ 2 algorithm. For the luminosity of the central galaxies, we use χ 2 = χ 2 (L c ) + χ 2 (σ) + χ 2 (Φ(L c )), and for the stellar mass of the central galaxies, we use χ 2 = χ 2 (M * ,c ) + χ 2 (σ) + χ 2 (Φ(M * ,c )). Here, χ 2 (L c ), χ 2 (σ) and χ 2 (Φ(L c )) (or χ 2 (M * ,c ), χ 2 (σ) and χ 2 (Φ(M * ,c ))) are calculated according to the deviations of the model predictions from the observational data shown in the upper-, middle-, and lower-left (or right) panels of Fig. 8, respectively . Based on all the data points shown in the left hand side panels of Fig. 8 , we obtain log L 0 = 9.9078, log M 1 = 11.0096, α = 0.2566, β = 3.4037, σ 0 = 0.1462. The resulting best fit is shown in each panel as the solid lines. The agreement between the best fit model and the data is remarkably good. The best fitting parameters indicate that L c ∝ M 3.7 h for log M h ≪ 11.0, suggesting that the star formation efficiency decreases dramatically in small halos. These results, especially the slopes of the L c -M h relation (α ∼ 0.25 at the massive end, and α + β >> 1 at the low-mass end), are in good agreement with previous results (e.g., Vale & Ostriker 2004 Cooray 2005; Yang et al. 2003; Yang et al. 2005c; van den Bosch et al. 2007; Hansen et al. 2007; Popesso et al. 2007; Brough et al. 2008; Conroy & Wechsler 2008) . The physical reason for this change in slope is probably a combination of AGN feedback, and the change in the efficiency of radiative cooling, supernova feedback and dynamical friction (e.g. Lin et al. 2004; Cooray & Milosavljević 2005) . For comparison, we also show in the upper-left panel the mean L c − M h relation obtained by Cacciato et al. (2008) based on the CLF models. The excellent agreement with our prediction indicates that although obtained via different methods, the mean L c − M h relation are well constrained in both investigations.
For the stellar mass of the central galaxies, fitting the model to the data shown in the right panels of Fig. 8 gives log M 0 = 10.3061, log M 1 = 11.0404, α = 0.3146, β = 4.5427, σ 0 = 0.1730. Note that M * ,c ∝ M 4.9 h for log M h ≪ 11.0, which is even steeper than the L c -M h relation.
The above results are obtained under the assumption that the value of the dispersion, σ, is independent of halo mass. Although consistent with the data for M h 10 12 h −2 M ⊙ , and supported by satellite kinematics and semi-analytical models , it is not well constrained in low mass halos. We therefore now test the impact of this assumption on our results. For this purpose, we consider two models where σ is required to change from the observed value at log(M h /h −1 M ⊙ ) ∼ 12 either to 0 or to 0.8 at log(M h / h −1 M ⊙ ) ∼ 10 (see the dotted and dashed curves in the middle panels of Fig.  8, respectively) . The best fits of these two test models are shown as the dotted and dashed lines in the other panels. Clearly, our results for the L c -M h and M c -M h relations are robust with respect to our assumption that σ is independent of halo mass.
7. SUMMARY In this paper, we have derived the luminosity and stellar mass functions for different populations of galaxies (central versus satellite; red versus blue; and galaxies in halos of different masses), and for groups themselves, using a large galaxy group catalogue constructed from the SDSS Data Release 4 (DR4). Our main results can be summarized as follows:
1. For central galaxies, the conditional stellar mass function (CSMF), which describes the stellar mass distribution of galaxies in halos of a given mass can be well described by a log-normal distribution, with a width σ logM * ∼ 0.17, quite independent of the host halo mass. 2. For satellite galaxies, the conditional stellar mass function in halos of different masses can be described reasonably well by a modified Schechter form than breaks away faster than the Schechter function at the massive end. The faint end slope appears to be steeper for more massive halos. On average, there are about 3 times as many central galaxies as satellites.
3. When stellar mass functions are measured separately for galaxies of different colors, we find that the central population is dominated by red galaxies at the massive end, and by blue galaxies at the lowmass end. Among the satellite population, there are in general more red galaxies than blue ones. At the very low-mass end (M * 10 9 h −2 M ⊙ ), there is a marked increase in the number of red centrals. We speculate that these galaxies are located close to large halos so that their star formation has been affected by their environments.
4. The stellar-mass function of galaxy groups, which describes the number density of galaxy groups as a function of the total stellar mass of group member galaxies, is well described by a double power law, with a characteristic stellar mass at ∼ 4 × 10 10 h −2 M ⊙ . This form is very different from that of the halo mass function, indicating that the efficiencies of star formation in halos of different masses are very different.
5. The stellar mass function for the central galaxies can be used to provide stringent constraint on the mean M * ,c -M h relation for low-mass halos.
We anticipate that a comparison of these results with predictions of numerical simulations and/or semianalytical models will provide stringent constraints on how galaxies form and evolve in dark matter halos.
